Dual Damascene Structure and Method 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application relates to the following co-pending and commonly assigned patent 
applications: Serial No. xx/xxx,xxx, filed concurrently herewith, entitled Dual Damascene 
Structure and Method, which application is hereby incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to the fabrication of semiconductor devices, 
and more particularly to the fabrication of a dual damascene structure. 

BACKGROUND 

[0003] Semiconductor devices are fabricated by sequentially depositing insulating (or 
dielectric) layers, conductive layers and semiconductive layers of material over a semiconductor 
substrate, and patterning the various layers using lithography to form circuit components and 
elements thereon. A conmion conductive material used in the past for conductive lines was 
aluminum, which can be directly etched. For example, a layer of aluminimi or aluminum alloy is 
deposited, a photoresist layer is deposited over the aluminum, the photoresist is patterned and 
developed, and the photoresist is used as a mask while exposed areas of the aluminum layer are 
etched away. 

[0004] There is a trend in the semiconductor industry towards the use of copper for 
conductive lines and metallization layers. Copper introduces new challenges in semiconductor 
device fabrication. While copper is more conductive than aluminum, which is an advantage, it 
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has a tendency to diffuse through dielectric layers, causing shorts and device failures. Therefore, 
liners are used to prevent this diffusion. Also, copper cannot be directly etched, particularly in 
small minimum feature sizes, which leads to the use of damascene methods to form copper 
conductive lines. 

[0005] In a damascene method of forming conductive lines, an insulating layer is deposited 
over a semiconductor substrate, and the insulating layer is pattemed, e.g. by depositing a 
photoresist, patterning and developing the photoresist, and using the photoresist as a mask for the 
insulating layer while exposed portions of the insulating layer are etched away. A conductive 
material (such as copper) is deposited over the pattemed insulating layer, e.g. by chemical vapor 
deposition (CVD), electroplating or electro-less plating, or other deposition methods. The 
semiconductor substrate is chemically-mechanically polished (CMP) to remove excess 
conductive material from over the top surface of the insulating layer, leaving conductive lines or 
regions formed in the insulating layer. 

[0006] If one pattern is formed in the insulating layer, the process is referred to as a single 
damascene process. However, two patterns may also be formed in the insulating layer, with one 
pattern typically being etched deeper into the insulating layer than the other pattem. The two 
pattern process is referred to in the art as a dual damascene process. A dual damascene process 
may be used to form a first layer of vias to connect to underlying conductive lines or elements, 
for example, and a second layer of conductive lines or regions may be formed over the vias. 

[0007] In the prior art, typically either the vias are first pattemed in the insulating layer 
through the entire thickness of the insulating layer, and then the conductive lines are pattemed in 
a top portion of the insulating layer, often referred to as a "via-first" dual damascene patterning 
method. Or, the conductive Unes may alternatively be pattemed in a top portion of the insulating 
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layer first, followed by the patterning of the vias through the entire thickness of the insulating 
layer, called a "line-first" dual damascene method. 

[0008] As semiconductor device sizes decrease and the minimum feature size of the 
electrical components and conductive lines decrease, patterning an insulating layer in a dual 
damascene process becomes more and more difficult, hi a dual damascene patterning process, 
one of the patterning steps etches through the entire thickness of the insulating layer (forming the 
vias, for example), and the other patterning step etches only through part of the insulating layer 
(forming the conductive lines), using a timed etch, for example. There is a trend in the 
semiconductor industry towards the use of low-dielectric constant (low-k) dielectric materials, 
particularly used in conjunction with copper conductive lines, to reduce the RC time delay of the 
conductive lines. Some low-k dielectric materials are porous and/or etch very quickly, and it can 
be difficult to adequately control the etch process, particularly in a dual damascene structure and 
process. 

[0009] Another problem in dual damascene patterning is photoresist poisoning, which can 
occur during a patterning process when etch chemistries containing nitrogen are used to pattern 
insulating layers comprising SiCOH-type (materials containing silicon, carbon, oxygen, and/or 
hydrogen) materials, which are often used as insulators. The nitrogen-containing etch 
chemistries, in conjunction with the SiCOH-type materials, liberate amines that can interact with 
or migrate into the photoresist during a subsequent lithography step. Photoresist poisoning 
causes depth of focus problems and/or delamination of the photoresist, resulting in loss of 
control of the critical dimensions and the inability to print, which leads to device failures and 
decreased yields. Photoresist poisoning tends to be a problem in via-first dual damascene 
patterning methods and also in line-first dual damascene patteming methods because the 
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subsequent application of photoresist is exposed to the amines generated during the previous etch 
process. 

[0010] Therefore, what is needed in the art is a dual damascene structure and method with 
improved control of patterning a damascene structure that avoids photoresist poisoning. 
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SUMMARY OF THE INVENTION 

[0011] Embodiments of the present invention solve these problems by providing a novel 
partial-via dual damascene structure and method. The dual damascene insulating layer includes 
a first insulating material having a first etch selectivity and a second insulating material having a 
second etch selectivity. Because the first etch selectivity is different firom the second etch 
selectivity, the first and second insulating materials may be etched selective to one another, 
providing improved control for the dual damascene etch process. 

[0012] In accordance with a preferred embodiment of the present invention, a 
semiconductor device includes a first insulating layer, the first insulating layer including a first 
dielectric material and a second dielectric material formed over the first dielectric material, the 
second dielectric material comprising a different material than the first dielectric material. A 
plurality of first conductive regions are formed in the first dielectric material, the first conductive 
regions comprising a first pattern, and a plurality of second conductive regions are formed in the 
second dielectric material, the second conductive regions comprising a second pattem, the 
second pattem being different fi'om the first pattem. 

[0013] In accordance with another preferred embodiment of the present invention, a 

semiconductor device includes a workpiece, a first insulating layer disposed over the workpiece, 

a plurality of first conductive lines formed in the first insulating layer, and a second insulating 

layer formed over the first conductive lines and the first insulating layer. The second insulating 

layer comprises a first dielectric material and a second dielectric material formed over the first 

dielectric material. The second dielectric material comprises a different material than the first 

dielectric material. A plurality of vias is formed in the first dielectric material, and a plurality of 

second conductive lines is formed in the second dielectric material. 
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[0014] Advantages of preferred embodiments of the present invention include providing a 
dual damascene hybrid dielectric stack having natural etch stops and enhanced reactive ion etch 
(RIE) profiles. The bottom layer of the hard mask is tunable for a particular application as a 
chemical-mechanical polish (CMP) stop layer. Photoresist poisoning during a dual damascene 
etch process is prevented with the use of embodiments of the present invention. The materials 
used in the various layers of the structure may be changed without impacting or affecting the 
remainder of the stack. Vias with substantially vertical sidewalls and smaller critical dimensions 
are achievable using embodiments of the present invention. 

[0015] Advantages of a method of forming a dual damascene structure according to an 
embodiment of the present invention include providing a dual damascene etch process that 
enables a dual damascene integration scheme. Modifications may be made to a specific 
component of the etch process to account for a material change in the via patterning etch process 
or the line patterning etch process, which does not affect the remainder of the etch scheme. The 
need for a timed etch to pattern the shallower conductive line pattern, which is difficult to 
control, is eliminated. The dual damascene process may be completed in a single chamber or 
alternatively in multiple chambers. A novel method of cleaning a chamber while the wafer 
remains in the chamber is also disclosed. 

[0016] The foregoing has outlined rather broadly the features and technical advantages of 
embodiments of the present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of embodiments of the 
invention will be described hereinafter, which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the conception and specific embodiments 
disclosed may be readily utilized as a basis for modifying or designing other structures or 
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processes for carrying out the same purposes of the present invention. It should also be realized 
by those skilled in the art that such equivalent constructions do not depart from the spirit and 
scope of the invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0018] Figure 1 shows a perspective view of a hybrid dielectric stack that will be pattemed 
using a dual damascene method in accordance with an embodiment of the present invention, 
wherein the insulating layer to be pattemed comprises a bi-layer of two different dielectric 
materials; 

[0019] Figure 2 is a flow chart for patterning a semiconductor device using the dual 
damascene method described herein; 

[0020] Figures 3 through 10 show cross-sectional views of a semiconductor device at 
various stages of manufacturing in accordance with a dual damascene patterning method of an 
embodiment of the present invention; and 

[0021] Figure 1 1 shows a chamber for processing semiconductor wafers in which polymers 
deposited on the chamber walls during the etching of inorganic material layers are cleaned or 
removed in-situ while a semiconductor wafer remains in the wafer in accordance with an 
embodiment of the present invention. 

[0022] Corresponding numerals and symbols in the different figures generally refer to 
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the 
relevant aspects of the preferred embodiments and are not necessarily drawn to scale. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0023] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0024] Figure 1 shows a perspective view of a dielectric stack 100 in which a dual 
damascene structure will be fabricated in accordance with an embodiment of the present 
invention, wherein an insulating layer 1 10 to be patterned using a dual damascene process 
comprises a bi-layer of dielectric materials 1 12 and 114. A first insulating layer 104 which may 
comprise silicon dioxide or low-dieilectric constant materials, for example, is deposited over a 
workpiece 102. The workpiece may include a semiconductor substrate comprising silicon or 
other semiconductor materials covered by an insulating layer, for example. The workpiece may 
also include other active components or circuits, not shown. The workpiece may comprise 
silicon oxide over single-crystal siUcon, for example. The workpiece may include other 
conductive layers or other semiconductor elements, e.g. transistors, diodes, etc. Compound 
semiconductors, GaAs, InP, Si/Ge, or SiC, as examples, may be used in place of silicon. 

[0025] A plurality of first conductive lines 106 are formed in the first insulating layer 104, 
for example, in a single damascene process. Alternatively, the first conductive lines 106 may be 
formed using a subtractive etch process, followed by depositing the first insulating layer 104 
over the patterned first conductive lines 106, for example. The first conductive lines 106 may 
comprise copper, a copper alloy, or other conductive materials, for example, and may include a 
liner formed over the pattemed first insulating layer 104 to prevent diffiision of a metal such as 
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copper into the first insulating layer 104, for example, not shown. The thickness of the first 
conductive lines 106 and the first insulating layer 104 may range from about 500 to 3000 
Angstroms, as an example. The first conductive lines 106 may be formed in a first metallization 
layer Ml of the semiconductor device, for example. 

[00261 A cap layer 108 is deposited over the pattemed first insulating layer 104 and the first 
conductive lines 106. The cap layer 108 comprises a copper cap that preferably fimctions as 
both a copper barrier, to prevent copper from diffusing or migrating into subsequently formed 
insulatmg layers (such as 1 12), and as an oxygen barrier, to prevent exposing the copper 
conductive lines 106 to oxygen in subsequent deposition and etch processes, which can cause 
corrosion. The cap layer 108 preferably comprises silicon nitride (SixNy) or nitrogen-doped 
silicon carbide (N-SiCx), as examples, although alternatively, the cap layer 108 may also 
comprise other insulating materials, for example. The cap layer may alternatively comprise 
SiCx, SiCxHy, SiCOHx, SiCxNyHzOr SiNxHy, as examples. 

[0027] Preferably, the material of the cap layer 108 is selected to have a transparent effect 
on unit processes such as RIE. For example, from a RIE perspective, a similar etch chemistry 
may be used to etch either Si3N4 or N-SiCx; thus, these two materials may be used 
interchangeably in embodiments of the present invention without impacting the entire processing 
flow of the structure 100. The cap layer may comprise a thickness of about 150 to 500 
Angstroms, for example. 

[0028] An optional adhesion film 1 16 may be formed on a top surface of the cap layer 108. 
The adhesion film 116 fimctions as an adhesion promoter for subsequently deposited first 
dielectric material 112. The adhesion film 116 may comprise AP6000™ manufactured by Dow 
Chemical Company or HOSP-BEST^'^ manufactured by Honeywell, Inc., as examples, although 
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the adhesion film 116 may alternatively comprise other adhesion promoting materials. The 
adhesion film 116 may be deposited by CVD or a spin-on process, as examples. The adhesion 
film 1 16 may comprise a thickness of less than about 100 Angstroms, as an example. 

[0029] A second insulating layer 1 10 formed over the cap layer 108 comprises a bi-layer 
including a first dielectric material 1 12 and a second dielectric material 1 14, wherein the second 
dielectric material 1 14 preferably is etchable selective to the first dielectric material 1 12 in a dual 
damascene patterning process. To form the second insulating layer 1 10, a first dielectric material 
1 12 is deposited over the cap layer 108 or optional adhesion film 116. The first dielectric 
material 112 preferably comprises an inorganic dielectric material such as SiOa, undoped silicate 
glass (USG), fluorinated silicon glass (FSG), fluorinated tetraethoxysilate (FTEOS), SiCOH, or 
porous-SiCOH, as examples. The first dielectric material 112 may be spun-on, or may be 
deposited by CVD, as examples. In one embodiment, the cap layer 108 may be treated with a 
plasma pre-treatment of the cap layer 108 prior to the CVD process. The plasma pre-treatment 
excites the surface of the cap layer 108 so that the CVD dielectric material 112 will deposit onto 
a dangling bond attraction. The first dielectric material 112 may comprise a thickness of about 
500 to 3000 Angstroms, for example. 

[0030] The first dielectric material 112 comprises the portion of the second insulating layer 
1 10 in which vias will be formed, in a dual damascene method. Thus, the fu:st dielectric material 
112 comprises a via dielectric material or via insulating layer. If the first conductive lines 106 
comprise copper, preferably, the first dielectric material 1 14 comprises a material having a 
coefficient of thermal expansion (CTE) that is close to the CTE of copper, or the CTE of the first 
conductive lines 106, to prevent shearing or breaks in the electrical connection of the via to 
underlying first conductive lines over temperature-induced stress. 
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[0031] In one embodiment, the first dielectric material preferably comprises a material 
having a low dielectric constant (e.g., having a dielectric constant k of 4.0 or less). For example, 
SiOa typically has a k of about 4.0, FSG typically has a k of about 3.6, FTEOS typically has a k 
of about 3.5, SiCOH typically has a k range of about 2.6 - 3.3, and porous-SiCOH typically has a 
k range of less than 3.0. 

[0032] One advantage of these selections of materials for the first dielectric material 1 12 is 
that typically, each material listed above may be etched by similar etch chemistries. For 
example, a RIE using a fluorocarbon-based chemistry (CHxFy) may be used to etch all of the 
possible materials that may be used for the first dielectric material 1 12 described herein. This is 
advantageous in that these materials may be interchanged in the material stack without having to 
modify etch processing parameters of the dual damascene integration scheme. Also, in one 
embodiment, these materials are selected so that they may be etched selective to the cap layer 
108. 

[0033] An optional adhesion film 1 1 3 may be formed on a top surface of the first dielectric 
material 112. The adhesion film 113 fimctions as an adhesion promoter for subsequently 
deposited second dielectric material 1 14. The adhesion film 113 may comprise AP6000™ 
manufactured by Dow Chemical Company or HOSP-BEST™ manufactured by Honeywell, Inc., 
as examples, although the adhesion film 113 may alternatively comprise other adhesion 
promoting materials. The adhesion fihn 1 13 may be deposited by CVD or a spin-on process, as 
examples. The adhesion film 113 may comprise a thickness of less than about 100 Angstroms, 
as an example. 

[0034] The second insulating layer 110 includes a second dielectric material 1 14 deposited 
over the first dielectric material 1 12. The second dielectric material 1 14 preferably comprises an 
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organic dielectric material such as SiLK or porous-SiLK manufactured by Dow Chemical 
Company, as examples. The second dielectric material 1 14 may be spun-on, or may be 
deposited by CVD, as examples. The second dielectric material 114 may comprise a thickness 
of about 500 to 3000 Angstroms, for example. 

[0035] Advantageously, the CTE of the second dielectric material 1 14 does not have to 
closely match the CTE of the first conductive lines. Therefore, an organic material can be used. 
The second dielectric material 1 14 preferably comprises a low-k dielectric material. For 
example, SiLK™ typically has a k of about 2.6 and porous-SiLK™ typically has a k of less than 
about 2.4. 

[0036] Another advantage of the materials listed that may be used for the second dielectric 
material 1 14 is that etch chemistries used to etch the second dielectric material 1 14 do not etch 
the first dielectric material 1 12. For example, the etch process for the second dielectric material 
1 14 typically comprises a RIE using N2H2 or N2O2 plasmas, as examples. Because these etch 
chemistries do not remove or etch the first dielectric material 1 12, a natural etch stop on the first 
dielectric material 1 12 is created. This allows scaling the RIE processes to smaller dimensions, 
because over-etching the second dielectric material 1 14 will not affect the first dielectric material 
112. 

[0037] Advantageously, the organic materials that may be used for the second dielectric 
material 1 14 are typically etched with strip-type chemistries similar to the plasma strip processes 
used to remove photoresist, for example. The inorganic materials of the first dielectric material 
112 typically are etched with a fluoropolymer-based chemistry. Therefore, the etch processes 
and materials provide a natural etch step so that the etching of the second dielectric material 1 14 
stops when the first dielectric material 1 12 is reached. End-pointing of the etch processes is 
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made easier, and over-etching into the first dielectric material 1 12 is made possible because of 
the high etch selectivity of the second dielectric material 1 14 and the first dielectric material 1 12. 
Therefore, a timed etch need not be relied upon to etch a second pattern, e.g., for conductive 
lines, in the second dielectric material 114. 

[0038] In an alternative embodiment, the first dielectric material 1 12 may comprise an 
organic dielectric material, and the second dielectric material 114 comprises an inorganic 
dielectric material such as the organic and inorganic dielectric materials listed as examples, 
above. To achieve the etch selectivity between the first and second dielectric materials 112 and 
1 14, preferably, one of the first dielectric material 1 12 or second dielectric material 1 14 
comprises an organic dielectric material, and the other of the second dielectric material 1 14 or 
first dielectric material 112 comprises an inorganic dielectric material. 

[0039] A hard mask 1 1 8 is deposited over the second dielectric material 1 14. The hard 
mask 118 preferably comprises a tri-layer and may altematively comprise two or more mask 
layers, for example. The multi-layered hard mask stack 118 provides etch profile control and 
selectivity, acts as a CMP-stop and a barrier to prevent photoresist poisoning, and provides an 
enhanced lithographic process window for the depth of focus, to be described fixrther herein. 
The thickness of the hard mask 118 preferably may be tuned to the required CMP stop thickness 
(for the CMP process that will be used to remove excess conductive material from the top 
surface of the second dielectric material 114 after the damascene structure is filled, to be 
described fixrther herein). For example, the hard mask 118 preferably comprises a first mask 
layer 120, a second mask layer 126 formed over the first mask layer 120, and a third mask layer 
128 formed over the second mask layer 126. The thickness of the mask layers 120, 126 and 128 
may be altered to attain a CMP stop without sacrificing any material properties of the mask 
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layers 120, 126 or 128 in accordance with an embodiment of the present invention. After the 
CMP process, it may be desirable to leave a portion of at least the first mask layer 120 disposed 
over the second dielectric material 1 14, which may comprise a porous material, to prevent the 
ingress of water and CMP slurry into the pores of the second dielectric material 1 14, for 
example. 

[0040] The hard mask 118 preferably comprises a first mask layer 120 comprising silicon 
carbide (SiCx). The first mask layer 120 in one embodiment comprises a first layer of SiCx (such 
as BLOk™ manufactured by Applied Materials) and a second layer of nitrogen-doped SiCx or N- 
SiCx (such as n-BLOk™ manufactured by Applied Materials) formed over the first layer of SiCx. 
The SiCx layer may comprise a thickness of between about 350 to 1000 Angstroms, and the N- 
SiCx layer may comprise a thickness of about 500 Angstroms or less, as examples. In another 
embodiment, the first mask layer 120 comprises a unitary low-k hard mask material that also 
serves as a CMP-stop material, comprising a material such as SiCxHy, SiCOHx, SiCxNyHzOr 
SiNxHy, as examples. The low-k unitary hard mask may comprise a thickness of between about 
100 Angstroms to 1000 Angstroms, as example. The first mask layer 120 provides a tunable 
CMP-stop window and enhances the RJE process window by eliminating micro-masking effects. 

[0041] The hard mask 118 preferably comprises a second mask layer 126 disposed over the 
first mask layer 120. The second mask layer 126 preferably comprises Si3N4 or Si02, as 
examples. The second mask layer 126 is preferably deposited by CVD and may comprise a 
thickness of about 150 to 500 Angstroms, for example. The second mask layer 126 protects the 
underlying films 124, 122, 1 14, and 112 firom photoresist rework-induced damage. Photoresist 
rework may be required when trying to print a pattern. If there is misalignment after patterning 
the photoresist, the photoresist is removed, and then a firesh layer of photoresist is deposited and 
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the patterning process is repeated, to attempt to obtain a better alignment. The strip processes 
used may comprise O2 plasma, N2 plasma, or H2 plasma, as examples. In particular, the second 
mask layer 126 prevents damage to the second dielectric material 1 14 and first dielectric material 
1 12 from the plasma strip processes during rework. 

[0042] The hard mask 1 1 8 includes a third mask layer 128 disposed over the second mask 
layer 126. The third mask layer 128 preferably comprises a refractory metal nitride, such as 
TaNx as an example, although other materials may be used. The third mask layer 128 may be 
deposited by CVD for example, and may comprise a thickness of 300 Angstroms or less. The 
third mask layer 128 provides an improved depth of focus window for the lithography processes 
of the dual damascene structure 100. The third mask layer 128, in combination with the second 
mask layer 126, prevents photoresist poisoning of subsequently-deposited photoresist 132. The 
third mask layer 128 also provides a higher etch selectivity to the organic and inorganic 
dielectric material (e.g. dielectric materials 112 and 1 14) etch processes. For example, a 
fluorocarbon-based etch affects TaN very slowly. 

[0043] The third mask layer 128 fimctions as a line template in the present partial-via dual 
damascene patteming process. In particular, a photoresist (not shown in Figure 1) is deposited 
over the third mask layer 128, and the photoresist is patterned with a pattem 134 for second 
conductive lines that will be formed in the second dielectric material 1 14, in a second 
metallization (M2) layer. The second conductive line pattem 134 is transferred to the third mask 
layer 128, using photolithography, as shown (e.g. by etching the third mask layer 128 using the 
pattemed photoresist as a mask). Note that a top portion, e.g., less than about 100 Angstroms, of 
the second mask layer 126 may be removed while transferring the second conductive line pattem 
1 34 to the third mask layer 1 28, as shown. 
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[0044] In one embodiment, the combination of the third mask layer 128 and second mask 
layer 126 prevents photoresist poisoning which typically would present a problem when SiCOH 
type materials are used for an insulating material. Advantageously, both the first dielectric 
material 112 and the second dielectric material 1 14 are separated from the photoresist 132 by the 
multi-layer hard mask 118. Therefore, if SiCOH-type materials are used for either the first 
dielectric material 1 12 or the second dielectric material 114, photoresist poisoning does not 
occur, in accordance with embodiments of the present invention. 

[0045] An antireflective coating (ARC) 130 is deposited over the hard mask 1 18, as shown 
in Figure 1. The ARC 130 comprises an organic or inorganic ARC commonly used to prevent 
reflection during a lithography process, and comprises a thickness of about 500 to 1500 
Angstroms, for example. A photoresist 132 is deposited over the ARC 130. The photoresist 132 
is patterned with the pattem for vias 136, as shown. The via pattem 136 will be transferred to 
the first dielectric material 1 12 of the second insulating layer 110, and the second conductive line 
pattem 134 will be transferred to the second dielectric material 1 14 of the second insulating layer 
110, shown and described herein with reference to Figures 3-9. 

[0046] Figure 2 is a flow chart 140 for patterning a semiconductor device 100 using the dual 
damascene method described herein. Figures 3 through 10 show cross-sectional views of a 
semiconductor device 100 at various stages of manufacturing in accordance with an embodiment 
of the present invention. The formation of a dual damascene structure in accordance with a 
preferred embodiment of the present invention by patterning the various layers of the dual 
damascene stack 100 shown in Figure 1 will next be described, with reference to the flow chart 
in Figure 2 and Figures 3-10. 
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[0047] The process flow begins with the dual damascene structure 100 of Figure 1. Figure 3 
shows a cross-sectional view of the dual damascene structure 100 shown in Figure 1. The 
second conductive line pattem 134 has been formed in the third mask layer 128 of the hard mask. 
The via pattem 136 has been formed in the photoresist 132. 

[0048] The semiconductor device is subjected to a "via mask open" step 142 (Figure 2), as 
shown in Figure 4. The via mask open step 142 preferably comprises a non-selective etch of the 
ARC 130 and all layers 128, 126 and 120 of the hard mask 118, for example. Optionally, a top 
portion of the second dielectric material 114 may be removed during the via mask open step, as 
shown in phantom. Note that a top portion of the photoresist 132 may also be removed during 
the via mask open. 

[0049] An advantage of using a non-selective etch for the via mask open is that any 
misalignment (e.g. by a distance d at 160 in Figure 3) of the conductive line pattem 134 is 
opened (e.g., etched away) and removed, as shown in Figure 4. Another advantage of using a 
non-selective etch for the via mask open is that striations of the sidewalls of the vias may be 
prevented or minimized. Striations can cause star-shaped vias (rather than roimd vias, as is often 
desired), which can lead to shorting of adjacent vias in subsequent processing steps. 

[0050] The via mask open may comprise a single step process, stopping in the second 
dielectric material 1 14, or altematively it may comprise a two step process with selectivity to the 
first mask layer 120 in the first step, and a first mask layer 120 only etch as part of the second 
step, for example. 

[0051] In one embodiment, the etch chemistry of the via mask open comprises O2 gas with a 

flow rate ranging fi:om about 10 to 100 standard cubic centimeters per minute (seem), CF4 gas 

with a flow rate ranging fi-om about 10 to 200 seem, and CH2F2 gas with a flow rate ranging 
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from about 0 to 50 seem diluted in an inert gas sueh as Ar for about 10 seeonds to 2 minutes, for 
example. The pressure for the via mask open may range from about 20 to 300 mTorr, with an 
electrode plasma power density ranging from about 1 W/cw? to 10 W/cm^, and the bias power 
density ranging from about 0.1 W/cm^ to 10 W/cm^. Altematively, other etch chemistries, 
pressures, power density levels and times may be used for the via mask open, for example. 

[0052] The next processing step comprises a partial via step 144 (Figure 2) as shown in 
Figure 5. In the partial via step, the via pattern 136 from the photoresist 132 is transferred to the 
second dielectric material 1 14 or M2 metallization level of the second insulating layer 1 10. In 
particular, exposed portions of the second dielectric material 1 14 are etched while portions of the 
second dielectric material 1 14 protected by the hard mask 1 1 8 are not etched. In the partial via 
step, the photoresist is preferably simultaneously removed from the top surface of the wafer, as 
shown in Figure 5. The partial via etch may be endpointed so that the etch stops when the 
photoresist 132 is completely removed, for example. Because the etchant chemistries do not etch 
the first dielectric material 112, the etch stops on the first dielectric material 112, and the etch 
may be continued until the photoresist 132 is completely removed, leaving the conductive line 
pattern 134 of the hard mask 118 exposed. The partial via step is preferably selective to the third 
mask layer 128, the second mask layer 126, and the first dielectric material 1 12, in one 
embodiment. 

[0053] The etch chemistry for the partial via step in one embodiment comprises N2 gas with 
a flow rate ranging from about 100 to 1000 seem, O2 gas with a flow rate ranging from about 0 
to 50 seem, and H2 gas with a flow rate ranging from about 0 to 500 seem for about 15 seconds 
to 2 minutes, as an example. The pressure regime may range from about 20 to 300 mTorr, with 
an electrode source power density ranging from about 1 W/cm^ to 10 W/cm^, and a bias power 
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density of about 2 W/cm^ or less, as examples. Alternatively, other etch chemistries, pressures, 
power density levels and times may be used for the partial via step, for example. 

[0054] Preferably, the partial via step is optimized to ensure complete removal of all of the 
exposed second dielectric material 114 and photoresist 132, while not producing sputter damage 
of the underlying first dielectric material 112. Excessive overetch in this step can lead to the 
deposition of oxide on via walls which can affect via diameter and/or affect device reliability and 
performance. The overetch component in the partial via step may range from about 0% to 200% 
of the time required to clear the second dielectric material 1 14 and photoresist 132, as an 
example. 

[0055] The next processing step comprises a trough open step 146, (Figure 2) as shown in 
Figure 6. The purpose of this step is to begin the transfer of the conductive line pattem 134 of 
the third mask layer 128 of the hard mask 118. The remaining portions of the third mask layer 
128 are used as a mask to remove the second mask layer 126 and first mask layer 120 in the 
conductive line pattem 134. Therefore, the trough open etch process is preferably selective to 
the third mask layer 128. Note that a top portion of the first dielectric material 1 12 may be 
removed in the trough open step, as shown in phantom in Figure 6 at 162. Preferably, in the 
trough open etch, all traces of the first mask layer are removed, while maintaining a high degree 
of selectivity to underlying second dielectric material 1 14. 

[0056] In one embodiment, the trough open step comprises an etch chemistry of O2 gas with 
a flow rate ranging firom about 10 to 50 seem, CF4 gas with a flow rate ranging firom about 0 to 
50 seem, and CH2F2 gas with a flow rate of about 50 seem or less, diluted in an inert gas such as 
At for about 10 seconds to 1 minute, for example. The pressure regime may range fi-om about 50 
to 150 mTorr, with an electrode power density ranging from about 1 W/cm^ to 10 W/cm^, and a 
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bias power density of about 2 W/cm^ or less, as examples. Alternatively, other etch chemistries, 
pressures, power density levels and times may be used for the trough open step, for example, 

[00571 The next processing step comprises an oxide via etch step 148 (Figure 2), as shown 
in Figure 7. hi the oxide via etch step, the via pattern 136 as defined in the partial via step is 
transferred through the first dielectric material 112 (which may comprise oxide) of the VI level. 
The via etch step is preferably selective to the hard mask 118 and the second dielectric material 
1 14 that is exposed in the trough areas at the sidewalls of the patterns 134 and 136. The via etch 
step is also preferably selective to the underlying cap layer 108, which fimctions as an etch stop 
layer and diffusion barrier. 

[0058] An etch chemistry for the oxide via etch step in one embodiment comprises O2 gas 
with a flow rate ranging from about 10 to 50 seem, CF4 gas with a flow rate ranging from about 
5 to 50 seem, CO gas with flow rate of about 200 seem or less, C4F6 gas with a flow rate ranging 
from about 1 to 20 seem, diluted in an inert gas such as Ar for about 10 seconds to 2 minutes, for 
example. The pressure regime may range from about 30 to 100 mTorr, with an electrode plasma 
power density and bias power density of about 10 W/cm^ or less, as examples. Alternatively, 
other etch chemistries, pressures, power density levels and times may be used for the oxide via 
etch step, for example. 

[00591 The oxide via etch step may be heavily polymerizing, forming polymers 184 on the 
interior surfaces of the processing chamber 180 for the semiconductor device 100, as shown in 
Figure 11. Continuing to process the semiconductor device 100 would result in polymers being 
removed from the chamber walls and forming aggressive reactant species that would chemically 
attack the hard mask 1 1 8, which would degrade the fabrication process and lead to device 
failures. Thus, at this point in the manufacturing process flow, either the processing chamber is 
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cleaned while the wafer remains in the chamber (the in-situ chamber clean step 150 of Figure 2), 
or the wafer is moved to a clean second processing chamber (step 152 of Figure 2). 

[0060] The novel in-situ chamber cleaning process of a semiconductor wafer in accordance 
with an embodiment of the present invention will next be described, with reference to Figure 1 1 . 
The in-situ chamber cleaning process is a method of cleaning a chamber 180 that has been used 
to etch inorganic materials in semiconductor device fabrication, wherein the chamber has 
polymer build-up 184 on the interior walls thereof The method includes, without removing a 
semiconductor wafer 182 that has been processed in the chamber 180, introducing a plasma 
cleaning gas 186 into the chamber 180 to remove the polymer build-up 184 on the chamber walls 
without etching any material layers of the semiconductor wafer 182. In one embodiment, the 
plasma cleaning gas 186 comprises a gas comprising O2 gas diluted in Ar, He or N2. The O2 
concentration may comprise about 1% to 20% of the gas flow ratio, for example. Altematively, 
the plasma cleaning gas 186 may comprise other chemistries, for example. The method may 
further include applying power only to an electrode 188 in the chamber during cleaning, and not 
biasing the wafer during the cleaning method. The plasma electrode power density applied may 
comprise about 0.1 W/cm^ to 10 W/cm^ at a pressure of about 50 mTorr to 500 mTorr, for 
example. In particular, preferably a hard mask (such as hard mask 118 of Figure 1) formed on 
the semiconductor wafer 182 is not etched or removed during the cleaning method. In the 
cleaning process, any CF species that have formed on the interior walls of the chamber are 
converted to CN, CO or HF, as examples, which are then pumped out of the chamber (not 
shown). 

[0061] Next, after either cleaning the processing chamber 1 80 (Figure 1 1) or moving the 
workpiece 102 to a clean processing chamber, a trough etch step 153 (Figure 2) is then 
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performed, as shown in Figure 8. In the trough etch step, the second dielectric material 1 14 
remaining in the trough or conductive line pattem 134 is selectively etched, with selectivity to 
the hard mask 118, the cap layer 108 and the first dielectric material 112. Preferably, the hard 
mask 1 18, cap layer 108, and first dielectric material 112 structures are defined in such a way as 
to ensure conductive line level dimensional control by maintaining a high degree of selectivity to 
the first conductive lines 106 which function as an etch stop layer. Also, preferably the degree of 
selectivity is such that the resulting etched structure is firee of "grass" and other organic/inorganic 
residues, which could negatively affect device reliability performance. For these reasons, the 
trough etch step may comprise a single etch step or may comprise two or more etch steps. 

[0062] In one embodiment, the trough etch step comprises an etch chemistry of N2 gas with 
a flow rate ranging from about 100 to 1000 seem, O2 gas with a flow rate of about 50 seem or 
less, H2 gas with a flow rate of about 500 seem or less for about 10 seconds to 2 minutes, for 
example. The pressure regime may range firom about 20 to 150 mTorr, with an electrode plasma 
power density ranging firom about 1 W/cm^ to 10 W/cm^, and a bias power density of about 2 
W/cm^ or less, as examples. Alternatively, other etch chemistries, pressxu"es, power density 
levels and times may be used for the trough etch step, for example. 

[0063] At this point in the manufacturing process flow, the conductive line pattem 134 has 
been formed in the second dielectric material 1 14 of the second insulating layer 110, and the via 
pattem 136 has been formed in the first dielectric material 1 12 of the second insulating layer 
1 10. Next, the cap layer 108 must be opened so that the vias will make electrical contact to the 
underlying first conductive lines 106. Therefore, the next processing step comprises a finish etch 
step 154 (Figure 2), as shown in Figure 9, in which the cap layer 108 is opened at the bottom of 
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the via pattern 1 36. The finish etch preferably comprises an etch selective to the hard mask 118 
and the exposed first dielectric material 112. 

[0064] The finish etch may comprise O2 gas with flow rate of about 50 seem or less, CF4 
gas with flow rate of about 50 seem or less, N2 gas with a flow rate of about 300 seem or less, 
CHF3 gas with flow rate of about 30 seem or less, and CH2F2 gas with flow rate of about 40 
seem or less, diluted in an inert gas such as Ar, for about 5 seconds to 30 seconds, as an example. 
The pressure regime may range firom about 50 to 150 mTorr, with an electrode plasma power 
density ranging from about 1 W/cm to 10 W/cm , and a bias power density of about 2 W/cm or 
less, as examples. Alternatively, other etch chemistries, pressures, power and times may be used 
for the finish etch step, for example. 

[0065] A de-fluorination clean step 156 (Figure 2) is also shown in Figure 9. In the de- 
fluorination clean step, any fluorinated organic species which may be absorbed to the wafer, 
conductive line partem 134 sidewalls or via pattern 136 sidewalls are removed using a reducing 
plasma, for example. In one embodiment, the etch chemistry for the de-fluorination clean step 
comprises N2 gas with a flow rate ranging firom about 100 to 1000 seem and H2 gas with a flow 
rate of about 500 seem or less for about 5 to 30 seconds, as an example. The pressure regime 
may range fi*om about 100 to 150 mTorr, with an electrode plasma power density ranging fi-om 
about 1 W/cm2 to 10 W/cm2, and a bias power density ranging fi-om about 2 W/cm2 or less, as 
examples. Alternatively, other etch chemistries, pressures, power and times may be used for the 
de-fluorination clean step, for example. 

[0066] Next, a conductive material 164 is deposited over the pattemed second dielectric 
material 1 14 and the pattemed first dielectric material 1 12, as shown in Figure 10. The 
conductive material 164 is removed from the top surface of the second dielectric material, e.g., 
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using a CMP process, leaving conductive material 164 in the via pattern 136 and conductive line 
pattern 134 to form vias 166 and conductive lines 168, respectively. Note that although not 
shown in Figure 10, a portion of the hard mask 1 1 8 may remain residing over the top surface of 
the second dielectric material 1 14 of the second insulating layer 1 10 after the CMP process. 

[0067] Advantages of embodiments of the present invention include providing an insulating 
layer 1 10 for a dual damascene process and structure, in which the different materials of the 
dielectric layers 112 and 1 14 creates a natural etch stop. This results in improved RIE write 
profiles and the ability to form features such as vias 166 with substantially vertical sidewalls, 
rather than being tapered as in prior art via formation. Conductive lines 168 having smaller 
critical dimensions may be obtained with the improved manufacturing control provided by the 
bi-layer insulating layer 1 10. The thickness and materials of the bottom mask layer 120 of the 
hard mask 1 18 are tunable for a particular application as a CMP stop layer. Photoresist 
poisoning during a dual damascene etch process is prevented with the use of embodiments of the 
present invention. The materials used in the various layers of the structure may be changed 
without impacting or affecting the remainder of the stack 100. 

[0068] Advantages of the method of forming a dual damascene structure 100 according to 
an embodiment of the present invention include providing a dual damascene etch process that 
enables a dual damascene integration scheme. Modifications may be made to a specific 
component of the etch process to account for a material change in the via patterning etch process 
or the line patterning etch process, which does not affect the remainder of the etch scheme. The 
need for a timed etch to pattern the shallower conductive line pattern 134, which is difficult to 
control, is eliminated. The dual damascene process may be completed in a single chamber or 
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alternatively in multiple chambers. A novel method of cleaning a chamber while the wafer 
remains in the chamber is also disclosed. 

[0069] Although embodiments of the present invention and their advantages have been 
described in detail, it should be understood that various changes, substitutions and alterations can 
be made herein without departing from the spirit and scope of the invention as defined by the 
appended claims. For example, it will be readily xmderstood by those skilled in the art that the 
materials and processes described herein may be varied while remaining within the scope of the 
present invention. Moreover, the scope of the present application is not intended to be limited to 
the particular embodiments of the process, machine, manufacture, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machines, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed, 
that perform substantially the same function or achieve substantially the same result as the 
corresponding embodiments described herein may be utilized according to the present invention. 
Accordingly, the appended claims are intended to include within their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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